1. Introduction {#sec1}
===============

The Industrial production of olive oil is the main source of two byproducts: olive waste and OMW. The OMW is pollutant due to their wealth organic matter with the presence of a high percentage of phenolic compounds and is considered as a major problem of environment contamination \[[@bib1]\]. OMW had a negative impact on the environment and public health by clogging the soil, polluting the water and releasing the disgusting smells \[[@bib2]\].

The toxicity of OMW is related to the presence of long chain free fatty acids and phenolic compounds, which are very difficult for degradation at a high concentration exceeding the standards values (between 4 to 15 g/l) \[[@bib3]\]. Phenols are organic volatiles compounds with a great economic and environmental impact, their study was increased during the over years due to their toxicity on environment and public health. In fact, phenolic compounds can become from various manufacturing processes like pharmaceutical industries, oil refineries, resins phenolic units and OMW \[[@bib4], [@bib5]\].

Treatment of OMW is very complex because of the quality and the quantity of their chemical constituents. In order, to eliminate the phenolic pollutants, several methods were described which can be divided into three categories: physical, chemical and biological methods \[[@bib6]\]. Among them, adsorption was considered as an effective method used for the elimination of phenols and polyphenol existing in OMW. Therefore, the use of inorganic materials as adsorbents had attracted attention in recent years. However, The choice of adsorbents depends on the variation of the adsorption conditions, type of pollutants and the properties of the adsorbent such as specific surface area, pore size and homogeneity, structural properties, selective adsorption capacity and ease regeneration \[[@bib7]\].

At present, activated carbon is considered to be one of the most versatile adsorbents and many studies show its effectiveness, but its use remains limited because of the difficulties of its regeneration and its high cost \[[@bib8]\]. An alternative solution would be to use other efficient and more economical adsorbent materials \[[@bib9]\]. Our choice focused on a material that is abundant in Morocco, it is clay \[[@bib3]\]. Its potential for use in the natural state according to the varieties present in the various regions are well below the possibilities offered by their various properties \[[@bib10]\], colloidal stability \[[@bib11], [@bib12]\], the structure \[[@bib13]\] and the texture of these materials \[[@bib14]\]. Management of water resources in arid and semi-arid regions had a major impact on the local population; indeed, the reduction of water resources in these regions was accompanied by a high demand for their uses in the agriculture field and other activities \[[@bib15]\]. However, it is necessary to optimize the use of water resources by the treatment and recycling of water previously used in industrial or household activities. In this context, this study aims to characterize OMW by using physicochemical methods and to evaluate the effectiveness of its treatment by adsorption on Moroccan clay in order to be used as a source of irrigation in agriculture field.

2. Materials and methods {#sec2}
========================

2.1. Collect and treatment of samples {#sec2.1}
-------------------------------------

OMW was collected from Meknes region during January 2019. Then, a centrifugation was performed to separate the liquid phase from the solid and oily phases. The liquid phase was split into two lots; the first one is the pure liquid phase (OMW) and the second one was diluted with distilled (50% of liquid phase +50% of distilled water) (D-OMW). Then all the samples were treated by adsorption on clay to get treated OMW (T-OMW) and treated diluted OMW (TD-OMW).

2.2. Collect and characterization of clay {#sec2.2}
-----------------------------------------

The clay samples were collected in the city of Agourai (Meknes region) and characterized by using the following test:

### 2.2.1. X-ray diffraction {#sec2.2.1}

X-ray diffraction (XRD) patterns were recorded using an X'PERT MPD-PRO wide angle X-ray powder diffractometer provided with a diffracted beam monochromator and Ni filtered CuKɑ radiation (λ = 1.5406 Å). The 2θ angle was scanned between 4° and 30°range with a counting time of 2.0 s at steps of 0.02° \[[@bib16]\].

### 2.2.2. BET analysis {#sec2.2.2}

N~2~ adsorption measurements at T = **-**196 °C were performed using a Micromeritics ASAP 2010. The specific surface area and the average pore diameter were determined according to the standard BET and BJH (Barrett, Joyner and Halenda) methods, respectively \[[@bib16]\].

### 2.2.3. FTIR analysis {#sec2.2.3}

The characterization and the structural changes, which took place during the thermal degradation of the nanocomposite, were collected using JASCO 4100 FTIR spectrometer with a resolution of 4 cm^−1^ and accumulation of at least 64 scans. The nanocomposite and the residues resulting from each stage of thermal degradation processes of nanocomposite were prepared using KBr pellets \[[@bib16]\].

### 2.2.4. X-ray fluorescence spectrometry {#sec2.2.4}

The X-ray fluorescence was carried out using an \"Axion\" X-ray fluorescence spectrometer, with 1 kW wavelength dispersion according to the protocol described previously by Ouallal and his group \[[@bib17]\].

2.3. Adsorption of OMW on clay {#sec2.3}
------------------------------

### 2.3.1. Adsorption experience and characterization of OMW {#sec2.3.1}

In a beaker of 1L of OMW puts in contact with a 10g of clay during 36h, with the duration of reaction of the samples are made to analyze it and to destroy the physicochemical parameters of OMW, the acidity measured by a pH- meter (Thermo Scientific Orion 2 STAR), the Suspended matter (SM) are determined by centrifugation of a volume of 20 ml of OMW at 8000rpm for 20 min. The pellet is placed in a porcelain dish weighed and then dried in an oven at 105 °C for 24 h. The difference between the weight of the dried sample and that of the cup determines the rate of SM. It is expressed in g/l. The volatile matter is determined by differentiating between the dry matter obtained by evaporation at 105 °C and ash residues from calcination at 550 °C for 2 h. It is expressed in g/l. The COD corresponds to the oxygen consumption necessary for the complete oxidation of the organic matter of OMW. It is expressed in grams of oxygen per liter of sample. The determination of the COD is carried out by the potassium dichromate method, the BOD5 (AFNOR T90-103) was determined by a BOD-meter.

### 2.3.2. UHPLC-ESI-MS {#sec2.3.2}

UHPLC-ESI-MS analysis was performed with a UHPLC (Nexera X2 system consisting of LC-30AD, SIL-30AC, CTO-20AC, Shimadzu, Tokyo) coupled to a triple quadrupole mass spectrometer (TQ8040, Shimadzu) with the Jet Stream electrospray ionization source. Two different core-shell C18 columns with different dimensions were tested. One is a longer core-shell column (Kinetex, 2.1 mm × 100 mm, 2.6 μm particle size, Phenomenex, Torrance, Calif). The other column was a shorter core-shell column (Kinetex, 2.1 mm × 50 mm, 2.6 μm particle, Phenomenex). The mobile phase system for the positive ionization UHPLC-ESI-MS was composed of water (A) and ACN (B). The analyzes are carried out under the following conditions: Analysis time of 15 min, Scan interval of 50--400 m/z, collision energy of -35V, Nebulizing gas of 3 l/min, DL temperature of 250 °C, Heat block temperature of 400 °C, Drying gas flow of 0.2 ml/min, Pump A flow of 0.2 ml/min, and Pump B flow of 0.2 ml/min.

### 2.3.3. Determination of total phenolic content (TPC) {#sec2.3.3}

The determination of total phenolic content in OMW was performed using the Folin Ciocalteu method as described by Singleton et al. \[[@bib18]\]. Briefly, 0.3 ml of the crude OMW was added to 1.5 ml of Folin-Ciocalteu reagent (10/100). The mixture was incubated for 6 min and mixed with 1.2 ml of Na~2~CO~4~ (7.5%). The samples prepared were incubated in dark for 2 h and the absorbance was measured at 760 nm. The total phenolic compounds were expressed as gallic acid equivalents (GAE) in mg/g of OMW. The total phenolic content was calculated using a calibration curve which was made according to the protocol described by Barbouchi and his collaborators \[[@bib19]\]**.**

2.4. Biological application of treated OMW {#sec2.4}
------------------------------------------

### 2.4.1. Effect of OMW on the germination de *Lepidium sativum* seeds {#sec2.4.1}

In order to evaluate the toxicity of different samples of OMW on the germination of seeds, the garden cress *Lepidium sativum* L. (Brassicaceae) was used as a matrix in this study \[[@bib20]\]. The seeds of *Lepidium sativum* were carefully selected by removing any damaged and small seed to obtain the uniform size. Then, they were washed with distilled water to remove the impurities. However, 10 ml of pure OMW, T-OMW, DT-OMW and distilled water (as control) were pipetted onto three layers of filter paper fitted into a 90 mm Petri dish for each one. Then, 10 healthy locking *L. sativum* seeds were distributed evenly on filter paper. The Petri dishes were kept in the dark at 24 ± 1 °C for two days. Afterward, seed germination and the root length of seedlings were measured. The experimental set of each testing scheme involved three control dishes and three replicates for each sample.

### 2.4.2. Effect OMW on the growth of *Vicia faba* plants {#sec2.4.2}

In this study, the seeds of *Vicia faba* were cultivated and divided into 4 batches (containing 4 seeds for each one), and each batch was irrigated periodically by the same volume of OMW, T-OMW, DT-OMW and normal water as a control. Then, all the samples were deposited in the same environmental conditions. The growth of *Vicia faba* was evaluated periodically, and after the end of growth (fruit production), we measured the length of the stems, the dry mass of the stems, the dry mass of the roots, and the number of nitrogen knot.

2.5. Statistical analysis {#sec2.5}
-------------------------

Measurements were carried out in triplicate. The data obtained were presented as means ± standard error and the significance of the difference between test and control groups was statistically analyzed using the Student test. A probability level of P \< 0.05 was used in testing the statistical significance of all experimental data. The statistical analyses were achieved using Microsoft Excel software.

3. Results and discussion {#sec3}
=========================

3.1. Characterization of clay {#sec3.1}
-----------------------------

### 3.1.1. XRD {#sec3.1.1}

The XRD diagram of the raw clay is illustrated in [Figure 1](#fig1){ref-type="fig"}. The spectral analysis indicates that the studied clay was composed of Quartz (SiO~2~), Calcite (CaCO~3~), Kaolinite (Al~2~Si~2~O~5~ (OH)~4~), Illite \[(K, H~3~O) Al~2~Si~3~AlO~10~ (OH)~2~\] and vermiculite \[(Mg, Al)~3~ (Si, Al)~4~O~10~ (OH)~2~, 4H~2~O\]. It mainly reveals the presence of two intense peaks; one corresponds to Calcite and the other to a mixture of Quartz, Illite, Kaolinite, and Vermiculite, which implies that our clay is heterogeneous \[[@bib21]\]. The diffractogram of the raw clay is illustrated in [Figure 1](#fig1){ref-type="fig"}. The spectral analysis indicates that the studied clay was composed of Quartz (SiO~2~), Calcite (CaCO~3~), Kaolinite (Al~2~Si~2~O~5~ (OH)~4~), Illite \[(K, H~3~O) Al~2~Si~3~AlO~10~(OH)~2~\] and vermiculite \[(Mg, Al)~3~ (Si, Al)~4~O~10~ (OH)~2~, 4H~2~O\]. It mainly reveals the presence of two intense peaks; one corresponds to Calcite and the other to a mixture of Quartz, Illite, Kaolinite and Vermiculite, which implies that our clay is heterogeneous, the diagram shows the presence of quartz characterized by the following lines: (2θ = 36, 43, 47.5, 48.5, 50, 55, 57.5, 62, 65, 78, 26.5°) and carbonates in the form of calcite characterized by lines located at (2θ = 39, 26, 29°). Other low-intensity reflections occur in the area of low diffraction angles and can be attributed to clay minerals: kaolinite (2θ = 14°) Illite (2θ = 12°) and Dolimite (2θ = 32°) \[[@bib22]\].Figure 1XRD pattern of clay.Figure 1

### 3.1.2. BET {#sec3.1.2}

The adsorption of nitrogen at -196 °C on the surface of a material is made by physisorption of nitrogen molecules. The process is reversible depending on the pressure. As a result, isothermal adsorption-desorption will be represented by the volume of adsorbed gas relative pressure function (p/p0) between 0 and 1. The determination of a isothermal adsorption-desorption is therefore to measure the volume of gas that adsorbs (or desorbs) on the surface of the solid at a given temperature. The desorption isotherm is rarely superimposable to that of adsorption thus leading to a phenomenonhysteresis. The software of acquisition and data processing allow the calculation of the textural parameters of analyzed powders. The specific surface area of the solid was calculated using the following BET equation:$$\frac{P}{V_{ads}{(P^{0} - P)}} = \frac{1}{C \times V_{m}} + \frac{(C - 1)}{C \times V_{m}} \times \frac{P}{P^{0}}$$with:C: constant that defines the shape of the isothermP: equilibrium pressureP °: saturation vapor pressure of the adsorbateV~m~: Volume of gas necessary to form a monolayer of gas on the surface of the solidV~ads~: Adsorbed volume at pressure P.

The slope and the ordinate at the origin of the line of BET make it possible to calculate V~m~ and C.

Thus, the specific surface of the solid is given by the following equation:$$S_{BET} = \sigma \times N_{m} \times N_{AV}$$with:σ = 16.2 Å2: area occupied by a molecule of nitrogen gasN~m~ = $\frac{\text{V}_{\text{m}}}{\text{V}}$: Number of moles of gas corresponds to the formation of a monolayer (V: Volume occupied by one mole of steam is worth 22414 cm3.mol-1)N~AV~: Avogadro number

BET method (Brunuer Emmet and Teller) was used to characterize the clay texture, according to the standard classification of physical adsorption isotherms \[[@bib23]\] proposed by the International Union of Pure and Applied Chemistry (IUPAC) \[[@bib24]\]. The results showed that the clay isotherms are of type IV ([Figure 2](#fig2){ref-type="fig"}), with a Hestryse loop of type H~3~, the calculations show that the specific surface is of 51.41 m^2^ g^−1^, a diameter of 92Ǻ and a pore volume of 0.13 cm^3^ g^−1^. The textural data of our solid can open the possibility of their uses in the adsorption of polyphenols of OMW \[[@bib25]\].Figure 2N~2~ adsorption/desorption isotherms of clay.Figure 2

### 3.1.3. FTIR {#sec3.1.3}

The FTIR technique was used for the determination of the functional groups present in the Agouraï natural clay ([Figure 3](#fig3){ref-type="fig"}). Each link has a defined vibration frequency characteristic The valence vibration of OH hydroxyl groups leads to the presence of three absorption bands refracted by the frequency of 3620 cm^−1^ (external OH) and 3420 and 3696 cm^−1^ (internal OH). The hydroxyl groups can be distinguished by a doublet in 3620, 3420 and 3696 cm^−1^ that has been indexed in the work Hanae Ouaddari and these collaborators \[[@bib26]\]. In addition, bands at 420 cm^−1^, 470 cm^−1,^ and 525 cm^−1^ correspond to the Si--O--Fe, Si--O--Mg and Si--O--Al deformations. Thus, a band observed at 1020 cm^−1^ corresponds to the stretching of Si--O--Si. The assignment of the bands centered at 985, 836, 797, 674 and 508 cm^−1^ are assigned to the vibratory deformation of the Al--OH--Al, Si--O--Al/Al--Mg--OH, cristobalite, Si--O bonds, - and Mg--OH--Mg, respectively \[[@bib26]\]. The band centered at 920 cm^−1^ is not attributed solely to the connections of the Al--OH--Al deformation vibrations but is also attributed to the presence of kaolinite. The intensity of the absorption bands at 797 cm^−1^ and 779 cm^−1^, corresponding to quartz \[[@bib27], [@bib28]\].Figure 3FTIR spectra of clay.Figure 3

### 3.1.4. X fluorescence {#sec3.1.4}

The percentage of Silica and Aluminum is very important; which indicates the presence of Kaolinite (Al~2~Si~2~O~5~ (OH)~4~). As well as for iron oxide which is relatively high, so this material is rich in iron. The ratio Alumina/Silica, information on the permeability of the material towards moisture, plus this ratio is large plus permeability is important \[[@bib21]\]. In our case, this ratio is small Al~2~O~3~/SiO~2~ = 0.27, This low value is in agreement with the low percentage of moisture (1.41%) estimated by the loss on fire ([Table 1](#tbl1){ref-type="table"}) \[[@bib21]\]. The SiO~2~/Al~2~O~3~ molar ratio = 3.73 maximum substitution of Si^4+^ by Al^3+^ is greater than the standard value of bentonites which is 2.7. This difference indicates the presence of free Quartz in the clay fraction in a large proportion \[[@bib21]\]. The overall composition of the other oxides (P~2~O~5~ MgO, K~2~O and CaO) reaches a percentage of 10%. The X-ray fluorescence data confirm the results of the X-ray diffraction heterogeneity of the raw clay \[[@bib29]\].Table 1Chemical composition of clay.Table 1elementSiO~2~Al~2~O~3~CaOMgOFe~2~O~3~SBaOP~2~O~5~ND(% mass)38.7410.616.80.92760.190.0260.104616.61[^1]

3.2. Adsorption of OMW on clay {#sec3.2}
------------------------------

It is difficult to propose a general method of separation of phenolic products contained OMW because of the diversity of physicochemical properties such as water content, acidity, composition, and viscosity, which vary not only with time but also with the temperature, the place and the period of culture. For this, the adsorption of OMW on clay presents a simple, efficient and reducible process for the elimination of phenolic compactions. Chromatographic characterization was used for the determination of the organic compounds existing in the OMW before and after adsorption.

### 3.2.1. Characterization of OMW before and after adsorption {#sec3.2.1}

According to the results shown in [Table 2](#tbl2){ref-type="table"}, the OMW has a pH of 4.88, which can be explained by the existence of organic acids. The quantity of dry matter of the OMW and its volatile matter is 135.7 and 18.72 g/l, respectively. The volatile matter presents 80% of the material dries which shows the organic nature of this pollutant. The Chemical Oxygen Demand (COD) and the Biochemical Oxygen Demand (BOD~5~) are very high compared to other pollutants which are also characterized by a predominance of toxic substances and the presence of the phenolic compound (6,75 g/l) \[[@bib3], [@bib30], [@bib31]\]. The measurement of Physico-chemical parameters of OMW after adsorption on the clay showed that the pH remains stable and the conductivity increases because of the presence of mineral salts in the medium of treatment. However, three parameters suffered reductions, which are phenolic compounds, COD and BOD. Their allowances were 50%, 43% and 54%, respectively. These reductions can be explained by the adsorption of a part of phenolic compounds and organic matter on the clay \[[@bib32]\].Table 2Physicochemical properties of OMW.Table 2ParametersBefore treatmentAfter treatmentpH4,88 ± 0,016.14 ± 0,01Conductivity16,05 ± 0,4 mSC^-1^12.56 ± 0,4 mSC^-1^SM135,7±2 g/l-VM58,7±2 g/l-BOD~5~18,72 ± 0,07 O~2~g/l9,22O ±0,07 ~2~ g/lCOD80 ± 1 g d'O~2~/l45 ± 1 g d'O~2~/lPhenolic compounds4,75 ± 0,40 g/l2,45 ± 0,40 g/l

### 3.2.2. UHPLC-ESI-MS analysis {#sec3.2.2}

Chromatography and mass spectrometry are techniques that can help to identify the chemical compounds of OMW \[[@bib33]\]. Ultra-High Performance Liquid Chromatography (UPLC) is a valuable tool for the detection of trace analytes. This technique, which has higher sensitivity, higher resolution and shorter runtime than HPLC, has recently been used to study flavonoids in plant material \[[@bib34], [@bib35]\]. The works performed by Obeid et al. \[[@bib36]\] and Dermeche et al. \[[@bib37]\] showed the presence of more than 50 different phenolic compounds in OMW, which they are very diverse and their structure is highly variable. They are generally derived from the enzymatic hydrolysis of carbohydrates and esters of olive pulp during the crushing process and are water-soluble, which explains their high concentration in OMW. Several aromatic monomers have been identified in OMW by chromatographic techniques, essentially represented by alcohol and phenolic acids. The latter is the most abundant, which explains the acidity of the OMW. Tannins also are high molecular weight phenolic compounds mainly identified in OMW as one of the most visible effects of coloring pollution in natural waters. The UPLC chromatogram has shown the presence of a wide variety of identified compounds and highlights a significant heterogeneity in the organic composition of OMW. It shows by way of example the presence of the following polar compounds: Esters, aromatic fractions (2-benzylbiphenyl), alcohols and phenol fractions (catechol, tyrosol), acidic fractions (benzoic acid, 3-cyclohexene-1-carboxylic acid, 3- (4-hydroxyphenyl) propanoic acid and ketones, all the results for the identification of organic compounds of OMW and T-OMW by adsorption on clay are grouped together in [Table 3](#tbl3){ref-type="table"}. In fact, these results showed a significant variation in organic compounds that are present in OMW. It should be noted also that only benzoic acid, catechol, tyrosol and para-coumaric acid have been identified as compounds already identified in OMW. In addition, after absorption, other new compounds were identified in our sample, which justifies the variation in toxicity and adverse effects of OMW on the environment \[[@bib38], [@bib39]\]. The elimination of the phenolic compounds of this pollutant interjected a variation of its effects on the environment and become useful as a source of irrigation in the agricultural field.Table 3The main compounds identified by UHPLC-ESI-MS from OMW, T-OMW, and DT-OMW.Table 3Organic compoundsm/zOMWT-OMWDT-OMWNd79-79Benzoic acid1201201202,2,5-Triméthyl-3,4-hexanedione157-1581,3-Diméthyl-2(1H)-quinoxalinone179\--Nd215\--1,2,3-propanetriyl triacetate217217-1,2-benzenediol254\--4-Hydroxy-3-methoxyphenethyl alcohol3193193193,4-dihydroxybenzoic acid407\--4-hydroxy-3-methoxyphenethyl glycol445\--[^2]

### 3.2.3. Determination of total phenolic content (TPC) {#sec3.2.3}

OMW are considered highly polluting because they are heavily loaded with organic matter, and they particularly affect the quality of the waters in which they are discharged. The recovery or elimination of polyphenols by adsorption on clays is an important process for the valorization of these two products.

In [Figure 4](#fig4){ref-type="fig"}, a variation in the polyphenol content in the OMW and D-OMW samples as a function of time was observed. A removal rate of 50% for both OMW samples demonstrated the adsorption efficiency of these phenolic compounds on the clay with an average dilution factor. These results can be useful for studying the effects of these pollutants in soils and plants. This is in agreement with the previous result of the reduction of the polyphenol content that can explain and confirm the elimination of the organic compounds by the adsorption process. The decrease in the polyphenol content reflects the abrupt variation of the physicochemical properties listed in [Table 3](#tbl3){ref-type="table"}. This variation in polyphenol content can change the effect of this pollutant on the soil and the environment.Figure 4Variation in total phenolic content (TPC) of OMW and D-OMW treated by adsorption on clay.Figure 4

### 3.2.4. Characterization of clay by infrared after adsorption {#sec3.2.4}

From [Figure 5](#fig5){ref-type="fig"}, we notice that we have a fixation of organic matter on the clay. In the range of 1788--3050 cm^−1^, the appearance of bands assigned to the organic matter with a decrease in the band intensity of 1020 cm^−1^ corresponds to the Si--O vibration. These results confirm the variation of the physicochemical properties of OMW and the reduction of phenolic compounds. This structural variation of material confirms all the previous results of the characterization of OMW. the biological results are justified by this structural variation on the clay, a decrease in the weight of organic matter in the OMW influences a variation on the physical and chemical properties of OMW, which has an effect on the growth of plants, so it is possible to use these waters after treated in the righteousness which offers a door of valorization of these real pollutants.Figure 5FTIR spectra of clay before and after adsorption of OMW.Figure 5

3.3. Biological application of treated OMW {#sec3.3}
------------------------------------------

### 3.3.1. Effect of OMW on the germination de *Lepidium sativum* seeds {#sec3.3.1}

The effect of OMW on the germination of *Lepidium sativum* seeds was calculated by measuring the size of roots and stems of each sample. The results showed that no grain treated with pure OMW was sprouted ([Table 4](#tbl4){ref-type="table"}). However, the grains treated by DT-OMW and T-OMW present interesting results, respectively. The results showed that OMW had high toxicity on the germination of seeds and the growth of different plant species. These results were supported by those performed by Mekki and his collaborators, which confirm the toxicity of OMW on soil \[[@bib40]\]. Moreover, a study carried out by Danellakis and his group confirmed also the toxicity of OMW in the marine environment \[[@bib41]\].Table 4The size of roots and stems of *L. sativum* seeds treated with different samples of oil mill wastewater.Table 4SamplesRoots[∗](#tbl4fnlowast){ref-type="table-fn"}(cm)Stems[∗](#tbl4fnlowast){ref-type="table-fn"}(cm)T1.966 ± 0.25^a^1.735 ± 0.5^a^DT-OMW1.65 ± 0.484^a^0.983 ± 0.411^b^T-OMW0.666 ± 0.12^b^0.416 ± 0.213^bc^D-OMW0.333 ± 0.265^c^0.3 ± 0.236^c^OMW0±0^d^0±0^d^[^3]

### 3.3.2. Effect of OMW on the growth of *Vicia faba* plants {#sec3.3.2}

The *In vivo* effect of treated and non-treated OMW on the growth of plant species showed that its direct release into the environment has adverse effects on agriculture fields and the environment ([Table 5](#tbl5){ref-type="table"}). However, our results showed that the treatment of OMW by the adsorption process may eliminate the toxic compounds and improve their uses in irrigation. These results were confirmed by worldwide studies, which confirm the benefits of the elimination of phenolic compounds from OMW on the agriculture field \[[@bib42]\]. The use of T-OMW in irrigation has major benefits; it helps to solve the problem of environmental pollution and to obtain additional amounts of water that can be used in irrigation especially in arid and semi-arid regions \[[@bib43], [@bib44]\].Table 5Effect of OMW samples on the growth of *Vicia faba*.Table 5Length of the stem (cm)The dry mass of the stems (%)The dry mass of the roots (%)Number of nitrogen knotT43.28 ± 0.92^a^64.17 ± 1.25^a^14.83 ± 0.28^a^30.33 ± 0.57^a^OMW14.74 ± 0.49^b^28.9 ± 0.79^b^0±0^b^0±0^b^D-OMW15.12 ± 0.81^b^18.77 ± 0.75^c^0±0^b^0±0^b^T-OMW45.30 ± 0.55^a^56.33 ± 0.57^d^7.47 ± 0.5^c^27.33 ± 1.15^c^DT-OMW46.44 ± 0.5^a^72.83 ± 0.76^e^19.33 ± 0.57^d^29.66 ± 0.57^ac^[^4]

4. Conclusion {#sec4}
=============

From this work, we can conclude that the studied OMW is an acid pollutant (pH = 4.88), with a high COD (80 g/l), high content of polyphenols, conductivity, dry matter and volatile matter. Moreover, the characterization of clay showed that it has a specific surface area of 51.41 m^2^ g^−1^, and is rich in Iron (15.44) with the presence of two intense peaks; one corresponds to calcite and the other to a mixture of quartz, illite, kaolinite, and vermiculite. However, the treatment of OMW by adsorption on clay allows the elimination of toxic chemical compounds, which makes it useful for irrigation in the agricultural field.

Declarations {#sec5}
============

Author contribution statement {#sec5.1}
-----------------------------

Younes Dehmani, Abdelaziz Ed-Dra, Omar Zennouhi, Aziz Bouymajane: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.

Fouzia Rhazi Filali, Laila Nassiri, Sadik Abouarnadasse: Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.

Funding statement {#sec5.2}
-----------------

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Competing interest statement {#sec5.3}
----------------------------

The authors declare no conflict of interest.

Additional information {#sec5.4}
----------------------

No additional information is available for this paper.

[^1]: ND: Not determined.

[^2]: Nd: not identified.

[^3]: The same letter was assigned to the values of the same column that doesn\'t have a significant difference (*P* \< 0.05).

[^4]: **\*** The same letter was assigned to the values of the same column that doesn\'t have a significant difference (*P* \< 0.05).
